objective The high prevalence of leptospirosis in humans is of great public health concern, particularly in tropical and subtropical regions. This study aimed to determine the seroprevalence of leptospiral antibodies and distribution of serovars, and to assess the usefulness of enzyme-linked immunosorbent assay (ELISA) as a screening method for leptospiral antibodies in a high-risk healthy community.
Introduction
Leptospirosis occurs in many countries, but the incidence varies considerably and marked under-reporting is common. It is considered as the most widespread re-emerging zoonotic disease in the world [1] [2] [3] . Humans are infected via direct contact with contaminated urine, blood or infected tissue from animal reservoirs, or indirectly through contaminated water and soil [4] . Risk of leptospirosis infection in humans is related to the environment, the medium of transmission and at-risk activity [4] . Clinical manifestations of leptospirosis vary from asymptomatic to severe and are potentially fatal [4, 5] .
Leptospirosis is a public health issue in many countries, especially in Latin America and in South-East Asia. The number of severe leptospirosis is estimated at more than 1 million annually, with a case fatality rate around 10% [6, 7] . In recent years, the incidence in Malaysia has been increasing, from 263 cases in 2004 to 5370 cases in 2015 [8, 9] . Men are at higher risk of contracting leptospirosis than women due to occupational exposure and extensive outdoor activities [10] . In 2014, there were 7806 cases documented in Malaysia, due to heavy flooding on the east coast that led to leptospirosis outbreaks in disaster areas. As leptospirosis became notifiable in 2010, case numbers have risen, showing that Malaysia succeeded in recording leptospirosis cases more comprehensively. Selangor state had the highest number of leptospirosis cases -1831 in 2014.
Markets play an important role in the modern urban environment and have become one of the important tourism resources in Malaysia [11] . However, the high density of rats in markets poses potential threats to visitors and municipal service workers [12, 13] . Food handlers are also susceptible to rodent-borne infections due to exposure at the workplace. Agricultural worker and food handler are among the high-risk occupations significantly associated with leptospirosis [14] .
This study aimed to determine the seroprevalence of leptospiral antibodies and identify the distribution of serovars in respondents based on serological diagnosis. We also aimed to assess the usefulness of ELISA as a screening method in a high-risk healthy community.
Materials and methods

Study design and study location
The cross-sectional study was conducted from January to March 2016 at wet markets and food premises in urban areas of Selangor listed by the municipal council. Four wet markets and more than 20 food premises were randomly chosen for this study. Prior to data collection, ethical approval was obtained from the Medical Research Ethics Committee, Universiti Putra Malaysia, Kajang Municipal Council and Subang Jaya Municipal Council.
Study population
The target population for this study was every wet market worker or food handler in the selected premises who fulfilled inclusion criteria. We excluded individuals below 18 years of age, workers who did not work in the selected premises, workers who were unhealthy with a history of fever and those who were not present on the day of sample collection. Wet market workers and food handlers were chosen from a list provided by the municipal council of Selangor using simple random sampling, a type of probability sampling technique which gives an equal chance for the entire study population to be chosen as respondents.
Sample collection and serological tests
Consenting respondents were interviewed for socio-demographic data. Five millilitres of venous blood was drawn from the cubital fossa by medically qualified personnel and collected into a sterile plain tube. The serum was then separated by centrifugation and stored at À20°C until further processing.
All serum samples were tested for leptospiral antibodies using the microscopic agglutination test (MAT) following WHO standard method. 20 serovars was added to diluted serum specimens of 1:25 in a round bottom microtitre plate and incubated at 30°C for 2 h. Agglutination was examined using a dark-field microscope at 910 magnification. Agglutination was positive if the number of free leptospires was ≤50% of leptospires in the control well. A serum that showed positive agglutination at 1:25 dilution would be continually diluted taking similar steps. The titre result was taken as the highest dilution that showed positive agglutination. Seropositive leptospiral antibodies in a healthy individual were defined as a titre of ≥1:100 [15] .
ELISA was performed using SERION ELISA classic leptospiral IgM and IgG (Institut Virion-Serion GmbH, Warburg, Germany) [16] . The test procedure followed the manufacturer's protocol instructions (Partner diagnostics, ELISA, IgG, ELISA & IgM, n.d.). The result was measured photometrically by optical density (OD). Result interpretation for qualitative detection of Leptospira IgM/IgG antibodies were as follow: IgM <15 IU/ml = negative, IgM 15-19 IU/ml = borderline, IgM ≥20 IU/ ml = positive; IgG <10 IU/ml = negative, IgG 10-15 IU/ ml = borderline, IgG ≥15 IU/ml = positive.
All laboratory work was performed in IMR, the reference diagnostic laboratory for leptospirosis in Malaysia by a team of trained researchers. Samples were considered seropositive with leptospiral antibodies if they were confirmed to have positive results by MAT. Data were statistically analysed with SPSS v. 22.0. The level of significance was P < 0.05.
Results
Of 231 respondents, 111 were food handlers and 120 were wet market workers. Their mean age was 34 years; 43.3% were local workers and 56.7% were immigrants. Table 1 , which shows socio-demographic characteristics and their association with seropositivity of leptospiral antibodies, reveals a significant association with sex.
The overall seroprevalence of leptospirosis among healthy respondents was high (46.3%). Table 2 shows low sensitivity (24.3%) and high specificity (93.5%) of the ELISA result. Table 3 shows the distribution of serovars that were determined by a positive MAT among 107 seropositive respondents. Our cut-off titre was 1:100. In this study, based on the type of serovars, local strain IMR LEP175 was the predominant serovar (n = 59), followed by WHO strain Patoc (n = 44). The other four serovars (IMR LEP 115, IMR LEP 27, Australis and Grippotyphosa) were identified in nine other seropositive sera. The majority of respondents showed leptospiral antibody titres of 1:100. However, there were 11 sera with antibody titres 1 ≥ 400 and the highest titre was 1:1600, detected in a local food handler in an open food stall. Serum from the same respondent also contained three other serovars, giving the highest frequency of serovar positivity (Table 4) . Serovar positivities shown in Table 4 are from MAT titres ranging from 1:100 to 1:1600.
Regarding serovar groups in the two localities, local strains were most common in the 70 respondents working in Kajang. Only nine Kajang respondents had WHO strains, whereas in Subang Jaya, a small difference in range was noted between the 16 respondents who had WHO strains and the 12 who had local strains. In total, distributions of serovars were recorded for 107 respondents from both localities (Figure 1 ).
Of 34 seropositive sera, the type of antibody determined by ELISA was 10 IgM-positive, 21 IgG-positive and three positive for both types.
Discussion
Our study demonstrates a higher seroprevalence of leptospirosis among healthy food handlers and wet market workers than previous studies in a healthy population [2, 13, 17] . We found a significant association between sex and seropositivity: the proportion of those who tested seropositive for leptospiral antibodies was smaller among males than females. This finding opposes previous results [17, 18] and may be explained by the fact that a different working setting was studied. Even so, previous studies [19, 20] reported no significant differences in seropositivity according to sex.
Using similar methods and the cut-off value of MAT titre, previous studies among municipal workers in two states of Malaysia reported a much lower prevalence [2, 13] . As market worker and food handler are considered as high-risk job category, the fact that they are asymptomatic despite being anti-leptospira positive indicates that the workers have had multiple exposures to leptospires in the past. This may have rendered them partially immune to acquiring the disease. The high seroprevalence of leptospirosis among food handlers and market workers points to a massive rat infestation in their workplaces and hence to an increased infection risk of unexposed visitors. In this context, the nature of work and the work place should be emphasised in preventing the disease. For that, the term 'high-risk group' may need to be changed because instead of worker, the workplace is more important to indicate the possibility of acquiring leptospira infection. The low sensitivity and high specificity of ELISA of our findings contrast with those of Brockman et al. [21] who used a similar ELISA kit on triathlon participants. Most studies using similar ELISA kits showed a higher sensitivity and specificity among patients suspected with leptospirosis [22, 23] . The detection of seroprevalence through the new ELISA kit used in this study was based on optical density (OD), whereby the cut-off range was set according to each patient's cut-off value. As this kit was designed for rapid diagnosis (Institut Virion-Serion GmbH, Warburg, Germany) in the early phase of the disease, this may lead to a lower detection-rate than by MAT. Furthermore, the sensitivity and specificity of ELISA were dependent on many parameters [24] . ELISA has been widely used as a screening method among clinically suspected patients, but not to screen for leptospiral antibodies among a healthy community. Our study seems to indicate that ELISA is not particularly useful for this purpose. Serovar IMR LEP 175 was the most frequent strain detected, consistent with previous studies from different regions in Malaysia [13, 17, 25] . The ongoing molecular study of IMR LEP 175 may provide information on molecular characterisation and endemicity of this serovar in Malaysia. The non-pathogenic strain Patoc was the second most common serovar we found, corroborating many previous studies in Malaysia [17, 25] except Samsudin et al. [13] , who reported Bataviae as the most common serovar. This may be due to differences in locality, job routines and risk of exposure towards leptospirosis among study populations.
Regarding frequency of serovars, the majority of respondents in this study had antibody against one leptospira serovar; 19 respondents had two, and two respondents had three serovars. Antibody titres ranged from 1:100 to 1:1600. Chintana et al. [26] reported that sera from some patients can react with more than one serovar. This finding could be due to cross-reaction among various serovars by different exposure time. The highest antibody titre we found was 1 ≥ 1600 for serovar Patoc, in an 18-year-old food handler. He also had the largest number of serovars: IMR LEP 115, IMR LEP 175, Australis and Patoc. The ELISA result also showed the highest optical density (OD) for both IgM and IgG antibodies, indicating that he may have had true infection although there was no sign or symptoms of leptospirosis during the study period. A very high antibody titre could indicate that he was previously exposed to Patoc and recently infected with another serovar that has a cross-reaction with Patoc, resulting in early activation of a memory response against Patoc [26] . Similar findings were reported by studies of patients clinically suspected of leptospirosis [22] .
As serovar Patoc can cross-react with antibodies against many other serovars, the MAT result should be interpreted as serologically confirmed leptospirosis by another serovar. According to Smythe et al. [27] , the ability of MAT to predict the infecting serovars is about 33% of leptospirosis cases, which was considered low. As fourfold rising antibody titre has been used as an indicator of current infection, we cannot confirm the serological finding by convalescent sera to demonstrate the fourfold rise antibody of the infecting serovar [26] . Although MAT is still being used for leptospirosis diagnosis and seroprevalence surveys, the information on detected serovars should be carefully interpreted in patients and healthy individuals.
This study demonstrated different serovar groups in respondents from different localities. In Kajang area, more local strains were detected because the majority of respondents were Malaysian citizens living in a community exposed to leptospirosis for many years. This homogenous serovar pattern could have been passed on through many generations of the reservoir infesting the area. In Subang Jaya area, the number of local and WHO strain serovars was almost similar, as most of the respondents were noncitizens and may have acquired the WHO strain in their home country and been exposed to local strains after immigration, confirming the results of previous studies [13, 25] .
Two different types of antibody were determined by ELISA to represent the total antibodies detected in serum by MAT. Specifically, ELISA was used to detect IgM and IgG sera from humans with current or past leptospira infection. As expected, IgG antibody detection was higher than IgM antibody detection in this study. Thai et al. demonstrated that half of the children followed-up showed reactivity for leptospiral antibody IgG for more than 2 years [28] , proving that persistent IgG indicates previous exposure to leptospires. However, the actual onset of leptospirosis infection among respondents was not that clear, as IgG could be detected from the third week and remained stable for months [24] . In contrast, IgM produced shortly after infection could persist for a shorter time. This is where ELISA is advantageous due to its ability to detect IgM-class antibody in a disease phase where the current or recent infection is underway. However, current infections may not necessarily be associated with the presence of a specific IgM antibody [29] . Nonetheless, previous studies on leptospiral antibody detection in healthy populations mostly focused on detection of IgG, whereas IgM detection was mainly carried out in patients [21, 23, [30] [31] [32] [33] [34] [35] .
Conclusion
The significant association between sex and seropositivity for leptospiral antibodies in this study shows that females probably are at greater risk to acquire leptospirosis than males. The predominant serovars detected were IMR LEP 175 and Patoc. ELISA is less useful for screening in the community. High seropositivity for leptospiral antibodies among healthy population in high-risk occupations could indicate that the antibodies serve as a protective factor against a severe form of leptospirosis. Further study is recommended to revise the definition of high-risk group while focusing on prevention, especially for individuals who never had exposure to leptospirosis or do not belong into the high-risk category.
